In a previous paper (5) it was suggested that growth of and infection by the cotton root-rot organism, Phymatotrichum omnivorum, were both dependent on the oxygen supply available to the organism, since infection did not occur unless the organism was growing near the surface of the medium. The work of MOORE (7) has shown that for agar cultures the optimum oxygen concentration over the culture is that of the atmosphere, or about 21%. When the cultures are submerged, growth is apparently directly correlated with oxygen concentration in the medium. Under ordinary conditions the oxygen concentration in the lower part of a liquid culture approaches zero.
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It was noted in previous experiments (5) that floating inocula of P. omnivorum grew much more rapidly than did those which were submerged. Infection of cotton seedlings was correlated with these conditions in such a way that when the culture was submerged, there was a delay in infection until the fungus had grown to the surface. Infection by surface cultures was much more rapid than by submerged cultures. Such a correlation led to the hypothesis that the oxygen concentration available to the fungus under these conditions was the limiting factor in ihfection. Work reported in this contribution was designed to prove this hypothesis.
Methods
The culture media, methods of inoculation, and seed treatment employed have been reported in a previous paper (5) . The obvious approach to the problem would be to control the aeration of the culture medium so as to maintain uniform oxygen concentration throughout. It was found that simple aeration devices could not be employed with P. omnivorum cultures, since even the smallest bubbles from a sintered glass aerator cause sufficient disturbance of the culture to impair normal growth. The root-rot organism is very sensitive to mechanical disturbance when grown in liquid media, so that the growth rate is lessened considerably by shaking or even handling. It was necessary, therefore, to resort to other devices to accomplish aeration.
The aeration device used is shown in Tube T, figure 1. Half-inch cellophane dialysis tubing was cut into nine-inch lengths. A glass U-tube with an inlet (A) and an outlet (B) aperture was bent as shown. The gas entered the cellophane bag through opening (F) and returned to the glass tube through opening (D culture solution. An imperfect seal would thus not disturb the culture by allowing bubbles to pass up through it. The opening of the inlet tube was plugged with cotton so the air would be sterilized by filtering before it passed through the bag. The inlet tubes were attached to a source of compressed air, and a pressure of three cm. of mercury was maintained during an experiment. The test tube, with aeration device and medium, was sterilized in the autoclave for 20 minutes at a pressure of 15 pounds. During sterilization and until the air pressure was applied, the tubes with the cellophane bags were kept above the surface of the medium to prevent the medium from passing inside the bags. When the air was attached, the pressure inside was sufficient to prevent the inward flow of the liquid medium.
The efficiency of the aeration apparatus was tested in order to determine the rate of oxygen absorption by the culture solution. Oxygen dissolved in the culture solution was measured by the WINKLER method. The procedure was modified according to VAN DAM (12 Twelve tubes of mineral solution were set up. The first two were covered with 10 cc. of a mixture containing equal amounts of paraffin, petrolatum, and paraffin oil. The second two tubes were covered with 10 cc. of a mixture containing equal amounts of petrolatum and paraffin oil. The third two tubes were covered with one-half petrolatum and one-half paraffin. Tubes 7 and 8 were similar to 1 and 2 except that they were aerated; tubes 9 and 10 duplicated 3 and 4 but were aerated; tubes 11 and 12 duplicated 5 and 6 but were aerated. After first being sterilized for 20 minutes in an autoclave, all tubes were placed in a water bath at 300 C. Readings were begun as soon as the temperature of the tubes had reached equilibrium with the bath. The results are shown in table I and figure 2. Any combination of materials used proved to be an adequate seal, as shown by tubes 1, 2, 3, 4, 5, and 6. The cellophane tubing permitted oxygen fig. 3 ). It will be noted that the solutions were saturated with oxygen between 12 and 18 hours of aeration. The seal, however, apparently allowed a small amount of oxygen to permeate the solution, but a consistently low level was main- 
Experimental results
Large test tubes were inoculated with P. omnivorum by transferring 10-cc. aliquots of an actively growing week-old liquid culture into 40 cc. of fresh medium for the test incubation. Group 1 consisted of eight tubes sealed with paraffin-petrolatum and aerated by means of the cellophane bags; group 2 consisted.of eight tubes unsealed; and group 3 consisted of eight tubes sealed but not aerated. The tubes were incubated in a water bath at 300 C. for 17 days. At the end of the incubation period the experiment was dismantled and the mass of mycelia from each tube carefully rinsed in distilled water, blotted, and placed in watch glasses. Each lot was dried to constant weight (18 hours at 600 C.) and then weighed (table III) . It is apparent that a supply of oxygen is necessary for growth of the fungus. Growth in the sealed tubes was slight, amounting only to 0.7 mg. when the weight of the original inoculum was subtracted from the average of group 3. The slight growth in the sealed, unaerated tubes might have been due to a small amount of oxygen carried in on the inoculum and/or the slight seepage of oxygen through the seal. In the unsealed tubes, growth amounted to 87.2 mg. of dry mycelial weight. This is 125 times more than in the sealed tubes. Oxygen in this case was obtained only at the surface of the cultures by diffusion from the atmosphere. Since the inside diameter of the tubes was 3.6 cm., the surface was 10.17 sq. cm. Growth in the aerated tubes resulted in 141 mg. dry weight of mycelia. This is 1.6 times more than occurred in group 2. The surface of the cellophane bags which were employed in group 1 was approximately 15.5 sq. cm. It appears from this that growth of the fungus is correlated with the area of the membrane, or the To test the relationship between the surface area exposed to air and the growth of the fungus, an experiment was set up wherein the vessels in which the fungus was grown allowed various surface areas of media to be exposed to atmospheric oxygen. Group 1 consisted of five 500-cc. Erlenmeyer flasks, group 2 of five 250-cc. flasks, group 3 of five 125-cc. flasks, group 4 of five large test tubes, and group 5 of five small test tubes. 40 cc. of medium were placed in each vessel. Each was inoculated with a uniform inoculum from an agar culture of P. omnivorum. At the end of a two-week incubation period the fungal mats which had formed on the surface of the liquid media were rinsed in distilled water, blotted, and dried as before. The mean weights of these mats with the area of the vessels in which they were grown are given (table IV and fig. 4) .
Since it has been demonstrated that growth of the root-rot organism is dependent on the amount of oxygen available to it, the effect of oxygen concentration on the infection by this organism as measured by wilting of cotton seedlings was then studied. A slight modification in the apparatus was necessary since some liquid was removed from under the paraffinpetrolatum seal by the transpiring cotton plant. A second tube (S) was connected to the experimental tube by a siphon (J). As the liquid was removed from the first tube it could be replaced aseptically, and without breaking the seal, by merely raising the second tube to the necessary height. This culture unit is shown ( fig. 1 ). The entire unit was set up complete, except for the seal, and sterilized in the autoclave. Precautions were taken to avoid breaking the siphon during the following manipulations. The experimental tubes were inoculated with uniform-sized inocula from a twoweek-old agar culture of P. omnivorum. The inocula were purposely placed at the bottom of the tubes. A sterile paraffin-petrolatum seal was poured over the surface of the medium and around the tubing which passed through it. When the seal had solidified, a small opening was made at one side, and a sterile germinating cottonseed placed in it in such a way that the seed rested on the surface of the seal with the hypocotyl extending down into the medium. A small piece of sterile cotton was wrapped around the hypocotyl at the base of the seed to act as a wick in order that humidity conditions would be favorable for the opening of the cotyledons. Three groups of cultures were set up: group 1 consisted of eight experimental tubes as just described with the aerating device and siphon; group 2 consisted of eight unsealed and unaerated tubes; and group 3 consisted of eight tubes in which there were no aerating devices, but in which the medium was covered with the seal. There were thus three different oxygen concentrations under which the cotton root-rot organism, and the cotton plant could be grown. The number of days for the various seedlings to wilt as a result of an attack by the fungus was noted (table V) .
Isolations of the organism from the infected roots were performed in several cases, but this procedure was-unnecessary since in all cases the fungus could be observed in the roots with no difficulty, and wilting was manifest within two or three days after the onset of attack. Since the plants were growing in liquid media and the aerial portions of the plant were growing in an atmosphere of high humidity, wilting was somewhat slower than it would have been in the field or even in potted plants in the greenhouse.
Discussion
The results obtained from the double culture of cotton plants and Phymatotrichum in liquid culture under cont.rolled conditions have enabled the isolation of one factor of the environment for study. It has been demonstrated that cotton seedlings can be killed by the root-rot organism in liquid culture and that infection can be limited by control of oxygen concentration in the medium. The susceptibility of cotton seedlings to the organism under the conditions of the reported experiments indicates little justification for the frequently expressed opinion that young cotton plants are resistant to root rot. BLANK (2) has reported a differential susceptibility to root-rot infection between young and old seedlings and suggested the possibility that carbohydrate accumulation in seedling tissues enhanced the infectivity of the organism. WATKINS (13, 14) employing pure cultures, studied infection of cotton seedlings in media of high carbohydrate levels and demonstrated early kill not only of cotton seedlings but also of "immune" plants, e.g., corn. EATON AND RIGLER (3), however, tested the carbohydrate hypothesis of root-rot infection and concluded that in soil cultures the carbohydrate concentration in root tissue does not affect infection. The Phymatotrichum cultures reported here were grown in media containing four per cent. glucose; therefore, according to BLANK AND WATKINS, conditions for infection were favorable. Under these conditions, it was possible to limit infection rate solely by altering available oxygen; consequently, it may be concluded that oxygen is one of the major factors in growth and infection.
The artificiality of laboratory conditions precludes a ready translation of these results to an interpretation of field observations. However, such an attempt should be made, recognizing the limitations of such an extrapolation. Under field conditions infection of cotton seedlings has been observed infrequently; ROGERS (8) expressed the belief that field kill occurs only in well-advanced plants. Soil temperature and moisture content during the seedling growing period have been suggested as limiting factors in infection as well as the reduced probability of contact between roots and organism at that time of the year.
That oxygen can play an important role in the complexity of factors influencing infection in the laboratory suggests the possibility of a similar effect of oxygen in the field. The high moisture content of the soil in the spring may limit the oxygen supply to rapidly growing organisms in the lower soil strata, since it has been demonstrated (5) that diffusion through a liquid medium is not sufficient to maintain a submerged culture at high infective rate of growth.
STREETS (10) reported that flooding experiments in the Yuma Valley demonstrated a reduction in the severity of the disease, but he was unable to effect an eradication. TAUBENHAuS et al. (11) experimenting with flooding methods in Texas were also unable to eradicate the disease in the field, but found that mycelia survive only a few days in flooded soils in the labora-tory. These findings may be explained by the results of KING (6) , who found that the sclerotia stage of the organism was able to survive long periods of submersion.
Conditions of moisture and aeration in the field change considerably as the growing season progresses. With the drying out of the blackland (Houston and Wilson clay) soils of Texas, aeration is enhanced both by cultivation and the natural fissures that appear in the soil. Fissures serve as deep channels for the transport of gases and provide a means for exchange of oxygen and carbon dioxide at the deeper soil levels (1) . The evidence reported here does not support the observation of GIBERT (4) that the fungus seems to grow best, and hence the disease is most severe, when the soil aeration is poorest. Summary An apparatus for the double culture of cotton plants and Phymatotrichum omnivorum in pure culture is described. Growth of the organism, and consequently infection, are directly correlated with the available oxygen supply. Application of these results to field observations concerning seedling infection and cultural practices is discussed. 
